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ABSTRACT 
 
 
Transgenic Animals:  (2004) 
Students:  Lauren Caron and Yuko Oku 
Advisor:  Adams, D.S. (BB) 
 
This IQP investigates the medical importance of transgenic animals, and discusses 
the trials and tribulations of accepting this biotechnology throughout society.  First, it 
introduces the most common techniques used to create genetically modified animals, as 
well as definitions of each classification.  Next, we discuss the controversial topic of 
whether transgenic animals should be made, as their benefits to society are weighed 
against the costs.  Finally, this report examines the patent-ability of animals, and the 
impact that process has on research and commercial applications.   
 
 
 
 3
TABLE OF CONTENTS 
 
               Page 
Signature Page ……………………………………………….. 1 
Abstract ……………………………………………………...  2 
Table of Contents …………………………………………… 3 
Executive Summary ………………………………………… 4-7 
Project Objective …………………………………………… 8 
Chapter-1:  Transgenic Animal Description and Construction 9-22 
Chapter-2:  Transgenic Animal Classification and Examples 23-44 
Chapter-3:  Transgenic Ethics ……………………………… 45-58 
Chapter-4:  Transgenic Legalities ………………………….. 59-67 
Conclusion ………………………………………………….. 68-72 
Bibliography ………………………………………………… 73-76  
 
 4
EXECUTIVE SUMMARY 
 
 With the advancement of science and technology, transgenic animals are 
becoming easier and more cost effective to produce.  Although transgenic animals have 
proven to be incredibly useful in understanding human biochemical functions, providing 
models for human diseases, and for manufacturing new drugs, the use of transgenic 
animals has been questioned as to whether the benefits outweigh the costs to tampering 
with life.     This IQP addresses these issues, and also explains the process of creating 
transgenic animals, explains how they are categorized, and describes their medical 
benefits, in an attempt to answer whether their benefit to society outweighs the costs of 
animal rights. 
 Chapter one discusses recombinant DNA technology and the methodology in 
which transgenic animals are created.  Since the 1970s when recombinant DNA 
technology was first introduced, new methods of DNA transfection and screening of 
transgenes has been published.  The most widely used method of developing transgenic 
animals uses a micropipette to inject the newly made plasmid containing your transgene 
into the pronucleus or the ES cell of the animal being cloned.  In a small percentage of 
cases, the injected transgene inserts into the host chromosome creating a hybrid genome.  
The fertilized egg or ES cells are then cultured to the blastocyst stage, and implanted into 
a recipient uterus.  Some of the other methods of transfection discussed in this chapter 
also include homologous recombination to create knockout mice, viral delivery, and 
chemical delivery into the developing animal.  Another important aspect of producing a 
transgenic animal is screening for the transgenes.  Real-time polymerase chain reaction, 
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Southern blots, and the use of restriction enzymes are just some of the methods used to 
show that the transgenic animal indeed contains the transgene in its genome.  
Understanding of how the transgenic animal is created allows the reader to gain a clearer 
view of the controversies associated with how the animals are treated, and how the host 
genome is manipulated to create a transgenic animal.   
 In chapter two, examples of different transgenic animals are used to paint a 
broad picture of the different applications of transgenic animals and their benefits to 
society.  Transgenic animals are divided into five different categories: disease models, 
transpharmers, scientific models, xenoplanters, and food sources.  Disease models are 
transgenic animals created to mimick disease in humans to try to find a cure.  Some of the 
examples discussed here are Alzheimer’s mouse (PDAPP mouse), Oncomouse, and the 
AIDS mouse.  Another type of a transgenic animal, transpharmer, is a way to use a 
transgenic animal’s mammary glands to create valuable proteins to use as medicine or to 
create milk rich in casein used to make cheese.  The third types, scientific models, are 
transgenic animals used to further society’s understanding of human biochemistry.  One 
example of this is the “smart mouse,” which is a mouse created to prove or disprove a 
prior hypothesis of how our memory and learning are enhanced.  Next, xenotransplanters 
are transgenic animals created for the purpose of growing organs that can be used in 
humans when organ transplant is necessary.  Presently, many genetic differences between 
pig and human organs prevent transplanting of cross species.  Creating transgenic pigs 
that lack sugars on their cell surfaces that create immuno-rejection in humans can be the 
answer to cross species organ transplants, which will save many lives that are lost 
because of organ shortage.  The last example is the use of transgene technology to create 
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more food for the growing population.  In agriculture, fish, pigs, cows, and chickens are 
genetically manipulated to create larger, faster developing and disease resistant strains of 
food sources to decrease the amount of feed, time, and space that they require.   
Applications of transgenic animals are vast, and endless possibilities can be envisioned 
for the future uses of transgenic animals.   
 The third chapter discusses ethical implications that are constantly raised when 
creating transgenic animals.  Conclusions as to whether productions of transgenic animals 
are ethical are analyzed using the cost benefit approach.  For disease models, the use of 
transgenic models for finding the cure for disease and assessing the effectiveness of 
vaccines and drugs is the most economical, practical and the safest way for 
pharmaceutical companies to evaluate the proposed medicine.  Although some of these 
disease models do suffer, there are laws prohibiting needless suffering, and that require 
the use of painkillers or early sacrifice.  If the animal suffers, the researcher must use 
painkillers, and kill the transgenic animal before advanced stages of the disease In 
contrast, transpharmers, produce valuable medicines without any detectable suffering 
from the animals.  For the food producers, there are some bad examples, such as the 
“superpig”, where society did not benefit at all but the animal suffered as a consequence 
of the experiment.  Looking at these examples as well as religion and animal rights 
activists that argue that creation of transgenic animals is wrong, the conclusion from our 
research is that transgenic animals will have a strong impact on society in the future. 
 Lastly, the legality of transgenic animals is discussed in chapter four.  This 
chapter asks the question whether transgenic animals should be patented.  By outlining 
the landmark case of Oncomouse in the U.S. and Canada the chapter unravels both sides 
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of the issue.  Environmental concerns surrounding transgenic fish escapees and their 
impact on the natural environment, and animal rights advocates’ belief that no life should 
be patented, are just some of the arguments of the opposing side.  As for the researchers 
involved in transgenic animal studies, many believe that disallowing patenting of 
transgenic animals will hinder medical research due to the enormous investment costs of 
producing such animals.  In our view, the benefits of applying transgenic animals to 
research and industry are overwhelmingly positive as compared to the opposing 
arguments. 
 The main conclusion made through these four chapters is that society has much to 
gain from the production of transgenic animals.  History has proven that creation of 
transgenic animals has produced some examples with very strong medical benefits, and 
few negative consequences.  Moreover, transgenic animals are necessary in advancing 
pharmaceutical technology and thus, improving our quality of life.  Although animal 
rights concerns are found in society, and we agree with many of their stances, the 
understanding of the process of creating transgenic animals and their vast application and 
means of controlling animal suffering are important in swaying those concerns.  Overall, 
the applications of transgenic animals are much too valuable for the improvement of 
society, and outweigh the negative concerns expressed from society. 
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PROJECT OBJECTIVE 
 
The purpose of this IQP was to examine the field of Transgenic Animals, a 
controversial topic in biotechnology that has made rapid advances in medicine over the 
past quarter century, as well as to determine the impact this technology has on society.  
Defining transgenic animals, describing and explaining the techniques used to create 
them, and classifying various example animals and their medical benefits accomplished 
the objective.  The analysis was then extended to determine the impact of the technology 
on the ethics of creating genetically modified animals, and the legalities of their 
patenting.  
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Chapter 1:  Transgenic Animal Description & Construction 
 
A transgenic animal is an animal that carries a foreign gene constructed by 
recombinant DNA techniques and inserted into its genome.  The foreign gene can be 
incorporated into a host genome in several different ways: microinjection into a 
pronucleus, microinjection into ES cells, chemical delivery, viral delivery and 
homologous recombination in ES cells, each of which are discussed below. 
 
 
Recombinant DNA Technology 
 
Paul Berg, Herbert Boyer, and Stanley Cohen first developed Recombinant DNA 
technology in early 1970s.  This new technique allowed short specific portions of DNA 
or genes to be selected and inserted into a plasmid vector, and is the first step in cloning 
genes.  A plasmid vector is a small circular piece of DNA found in bacteria, which can 
replicate quickly in an appropriate host, 
so plasmids are often used to make 
copies of (clone) DNAs of interest.  A 
foreign DNA that is to be inserted into a 
host is first cut with restriction enzymes, 
preferably two different restriction 
enzymes to create ‘sticky ends.’  
Restriction enzymes are proteins that 
cleave the double stranded DNA at specific sequences.  By creating these asymmetric 
Figure 1:  Using Restriction Enzymes to 
Create a Recombinant DNA Molecule 
(‘Figure 6.11’ Berg et al., 2002)  
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sticky ends with restriction enzymes, the DNA insert (in this case the transgene) can be 
oriented into the vector in the right direction.  Once the DNA insert of choice has 
annealed or attached to the vector, a ligase enzyme, that acts as a DNA glue, will seal the 
two DNA pieces together.  This circular double stranded DNA construct is the 
recombinant DNA molecule. For an example, Figure 1 shows the usage of a commonly 
used restriction enzyme, EcoRI.  This enzyme cleaves DNA at the sequence GAATTC 
shown in Figure 1 and in Table 1 below.  The two fragments to be joined (represented by 
blue and pink boxes in Figure 1) both contain EcoRI restriction sites and are rejoined by 
DNA ligase to create a combined blue/pink DNA molecule.  Various restriction enzymes 
are used to create the sticky ends to ensure that the vector insert is oriented in the correct 
way into the plasmid.  Some of these restriction enzymes and their specific cleavage sites 
are listed in Table 1. 
Enzymea Source Recognition siteb 
BamHI Bacillus amyloliquefaciens H GGATCC 
EcoRI Escherichia coli RY13 GAATTC 
HaeIII Haemophilus aegyptius GGCC 
HindIII Haemophilus influenzae Rd AAGCTT 
HpaI Haemophilus parainfluenzae GTTAAC 
HpaII Haemophilus parainfluenzae CCGG 
MboI Moraxella bovis GATC 
NotI Nocardia otitidis-caviarum GCGGCCGC 
SfiI Streptomyces fimbriatus GGCCNNNNNGGCC 
TaqI Thermus aquaticus TCGA 
a Enzymes are named according to their species of isolation, followed by a number to distinguish different enzymes 
isolated from the same organism (e.g., HpaI and HpaII). 
b Recognition sites show the sequence of only one strand of double-stranded DNA. "N" represents any base. 
Table 1: Recognition Sites of Representative Restriction Endonucleases 
(‘Table 3.22’ Cooper, 2000) 
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Plasmid vectors come in many assortments.  pBR322 is only one of the plasmids 
used to create recombinant DNA (Figure 2).  Before the cloning site, some vectors 
contain promoters, a region of the genome that will enhance expression of the transgene.  
Some contain specific sequences after the cloning site to allow molecular tags for easier 
purification of the expressed transgene protein.  Different plasmids also have different 
restriction sites to meet the needs of the DNA insert to create ‘sticky ends.’  Another 
important trait of a plasmid is the presence of genes that encode proteins that confer 
antibiotic resistance.  Such genes allow bacteria containing the plasmid with an intact 
antibiotic-resistance gene to be selected on agar plates containing the antiobiotic, while 
those bacteria lacking intact antibiotic resistance gene are killed. This resistance can be 
seen in the simplified version of pBR322 below.  This plasmid contains a gene encoding 
a protein that confers Ampicillin resistance (pink in the diagram).  Transgenes inserted 
into the PstI site will disrupt this amp-resistance gene, making those bacteria sensitive to 
ampicillin, while remaining resistant to tetracycline (blue gene in the digram).  It also 
contains various restriction sites, EcoRI, PstI, and SalI.   
When the DNA is incorporated into a plasmid, some 
of the plasmids will not be ligated together or the gene may 
not be inserted into the plasmid, or no plasmid may be 
incorporated into the cell.  The constructed recombinant 
DNA is taken in by a bacterial cell and plated on a high 
nutrient material called LB broth with the corresponding 
antibiotic that the plasmid is resistant to.  If the bacterial 
cell incorporated the recombinant DNA encoding resistance for that antibiotic, the 
Figure 2: Plasmid pBR322 
(‘Figure 6.13’ Berg, et al., 2002) 
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bacterial cell most likely contains the plasmid with the selected gene insert (Figure 3).  
With the plasmid pBR322, the antibiotic resistance depends on which site the transgene 
was inserted.  For example, if restriction enzymes, EcoRI and SalI are used and the gene 
to be inserted becomes included between the two, the vector is only ampicilin resistant 
and not tetracycline resistant.  To screen for the cell, the bacteria can be plated on 
ampicilin first, and then replicated using velvet to transfer to a tetracycline plate.  What 
does not grow on the tetracycline plate, but grew on the ampicilin plate can most likely 
have the gene insert included into that plasmid.   
Moreover, another simple confirmation technique can be used to determine if the 
plasmid contains the gene insert.  PCR (Figure 4), polymerase chain reaction, is a new 
technique that allows amplification of the DNA.  By using primers, small strands of DNA 
about 25 base pairs long, and Taq DNA polymerase, an enzyme that replicates DNA at 
elevated temperatures, the gene can be amplified.  The methodology of a PCR is that the 
DNA strand unwinds from each other at high temperatures.  The DNA then is cooled 
down to allow primer to join, and heat resistant Taq polymerase replicates DNA.  A 
thermocycler is used to heat the DNA quickly and cool it down quickly, doubling each 
DNA strand at every cycle to get quick and easy amplification of the gene.  The resulting 
PCR product can then be run on an agarose electrophoresis gel that separates the material 
according to size.  If there is amplification of the gene with the primers that anneal to the 
beginning and the end of the gene, then the gene is very likely in the selected bacterial 
cell.   
Another way of detecting whether the right insert has been placed in the vector is 
to use specific restriction enzymes again to digest the insert out of the vector.  The band 
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seen on the agarose gel can be compared to a standard marker that shows the sizes of the 
DNA and where it should be running on a gel.  If the size of the digested product is about 
the size of the gene selected, that plasmid most likely contains the gene.  If these methods 
seem to work for the colony of bacteria screened, these products can be sent in for DNA 
sequencing for the final confirmation of the recombinant DNA molecule. 
 
 
Figure 3: The Recombinant DNA Method Overview   (‘Figure 3.22’ Cooper, 2000) 
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Figure 4: Polymerase Chain Reaction (‘Figure 3.27’ Cooper, 2000) 
 
 
Transfection Methods 
 
Transfection is a term used to describe the uptake, incorporation, and expression 
of recombinant DNA into a host cell.  Once the recombinant DNA has initially been 
cloned using bacteria, it is then transferred into a eukaryotic cell to be incorporated into 
 15
the animal host’s genomic DNA.  In its DNA, the host expresses the cloned DNA 
sequence encoding your transgene.  There are several methods in transfection: chemical 
uptake, microinjection into the pronucleus, microinjection into ES cells, viral delivery 
method, and homologous recombination.  
 Mammalian cells take up recombinant DNA directly when treated with calcium 
ions, usually Calcium Phosphate.  The chemical delivery method uses calcium phosphate 
to create a fine DNA precipitate (Figure 5).  Once the DNA enters the host cell, the 
enzymes that function normally in the cell to repair and recombine its own DNA joins the 
foreign DNA into its genome.  This method is relatively cheap and simple but very 
inefficient.   
 
 
 
Figure 5: Calcium Phosphate Precipitation of DNA (‘Figure 3.55’ Cooper et al., 2000) 
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Other methods involve microinjection, using a fine-tipped (0.1-µm-diameter) 
glass micropipette containing the foreign DNA of choice, to insert it into a pronucleus of 
a fertilized egg or into embryonal stem (ES) cells, cells cultured from early embryos 
(Figure 6).  When the DNA is microinjected into a pronucleus, the egg is transferred to 
foster mothers and allowed to develop (Figure 7).  About 10% of the progeny will have 
the foreign gene incorporated into the genome.  However, when the DNA is 
microinjected into ES cells (Figure 8), the growing cells containing the recombinant 
DNA can be selected by antibiotic resistance, and reintroduced into the blastocyst of the 
mice.  Then those blastocysts are transferred to a foster mother’s uterus.  These embryos 
from either of these methods give rise to chimeric or heterzygous offsprings, containing 
both the foreign and the natural gene in their germ line (‘transgenic animals’, 2003).   
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Microinjection into a Pronucleus of a Fertilized Egg. 
(‘Figure 6.28’ Berg et al., 2002) 
Figure 7: Making Transgenes Using Microinjection of the Pronucleus 
(‘Figure 3.37’ Cooper et al., 2000) 
 17
  
Figure 8: Transferring Genes Into Mice Through ES Cells (‘Figure 3.38’ Cooper et al., 2000) 
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Another method of inserting a transgene into a cell is a viral delivery.  Viruses are 
very efficient at incorporating their own DNA or RNA 
sequence into the host DNA.  Retroviruses are 
especially useful since they can incorporate the DNA 
into the host DNA using reverse transcriptase.  This 
special kind of protein or an enzyme that can make a 
copy of the RNA into DNA, thus incorporating the 
RNA that the host cell carries into the host cell’s 
genomic DNA. This gives us a new way of 
incorporating the DNA into the transgenic animal’s 
cells with great efficiency.  To do this, the transgene is 
initially cloned in bacteria as usual, then subcloned into 
the viral genome (Figure 9).  The viruses are then 
“repackaged” to make infectious virions.  The 
retrovirus is then used to infect the host with the 
transgene, infecting the mice cell with the gene 
selected.    
The last method discussed here for transfection 
is homologous recombination in ES cells (Figure 10).  
This method is the only method discussed so far that 
allows the transgene to be inserted at a specific site in 
the host’s genome, so it is termed site-directed 
Figure 9: Using Viral Delivery 
Method to Transfect Cells 
 (‘Figure 3.36’ Cooper et al., 2000) 
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cloning. A plasmid is created containing a selectable marker (in this case URA3 which 
enables the cells, to grow without uracil instead of an antibiotic) and the gene of choice, 
yellow his3.  The normal chromosome contains blue HIS3 gene to be replaced by the 
plasmid’s his3. The plasmid becomes incorporated next to the HIS3 gene as indicated by 
the blue arrow because the natural gene is replaced by large stretches of DNA that 
exactly match the genomic sequences surrounding the desired insertion point. Once this 
construct is inserted into ES cells, the host cells' own machinery performs the 
homologous recombination (‘What is a Transgenic Mouse’, 2003).  The resulting genome 
after the excision of URA3 is either wildtype HIS3 gene, or his3 in the URA3 site.  The 
correct his3 gene is selected using the selectable marker, in this case growth in media 
lacking uracil and then using replica plating to test for growth in histidine absent 
conditions.  The gene of interest will not grow in uracil-absent conditions but will grow 
on histidine absent conditions.  As a result, the original HIS3 gene is replaced by the new 
mutated his3 gene from your plasmid (Lodish, et al., 2000).   
 
 
 
Figure 10: An Example of 
Homologous Recombination in 
ES Cells.  
 (‘Figure 8.30’ Lodish et al., 2000) 
 
 
 
 
 
 20
Screening for Transgene Expression 
In order to test, which offspring have the transgene incorporated, a small piece of 
the mice’s tail tissue is removed.  That tissue is then examined using methods like those 
discussed above, such as PCR screening or digestion using restriction enzymes, for 
confirming the presence of the DNA desired.  The most important step in making a 
transgenic animal is to screen the animal for the expression of the transgene at different 
times of its life.   
One common method used to screen the mice for insertion of the transgene is a 
technique called a Southern blot.  A Southern blot is a technique used to find a particular 
DNA sequence in a large pool of DNA sequences.  First, the DNA extracted from the 
mouse’s tail is digested using restriction enzymes, such as the ones in table 1, to cut it 
into smaller fragments.  Second, you perform electrophoresis which separates the DNA 
fragments using electric charge according to the size of the fragments.  The shorter DNA 
fragments run further down the gel while longer fragments run closer to the top of the 
gel. The gel is soaked in sodium hydroxide to denature the DNA or unwind it so that it is 
single stranded.  Third, the DNA in the gel is transferred to a nitrocellulose paper using 
electric charge again towards the paper, which deposits the fragments on the paper in the 
same pattern originally present in the gel.  Lastly, the nitrocellulose paper containing the 
DNA separated by size is exposed a radiolabeled probe that is complementary sequence 
to your transgene sequence.  The single-stranded radiolabed DNA sequence then binds to 
the nitrocellulose paper containing the complement to that sequence.  The radiolabeled 
probe can then be detected using a phosphor imager (Figure 9). If the imager detects the 
presence of the transgene, it means that particular animal’s DNA contains the transgene, 
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and then animal is deemed transgenic.  Breeding these heterozygous mice eventually 
creates a mouse line that is homozygous for that gene, thus allowing direct inheritance of 
the transgene by their offspring.   
 
 
Figure 9: Using a Southern Blot to Screen for the Presence of the Transgene  
(‘Figure 6.3’ Berg et al., 2002) 
 
Another commonly used technique to screen for expression of the transgene (i.e. 
not just the presence or absence of the transgene, but mRNA or protein synthesis from the 
transgene) by the mice is to use Real-time RT(reverse transcriptase)-PCR.  This method 
detects the amount of expression of the transgene by measuring the amount of transgene 
mRNA produced by the animal in the cytoplasm (Figure 10).  Tissue such as brain, liver, 
or pancreas is removed and the mRNA in the cytoplasm is extracted.  An enzyme, reverse 
transcriptase, which has the ability to make a copy of the RNA into DNA is used, adding 
some ATP, MgCl2 and NTPs.  The mRNA mix from the cell is now converted into 
cDNA, and the residual mRNA is digested with RNase.   Real time PCR is now 
performed, using fluorescently tagged primers to amplify the transgene sequences 
previously converted into cDNA.    The PCR product is analyzed on an agarose gel and 
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visualized for amplification using UV light as in a PCR reaction.  This method is the 
most commonly used for proving the expression of the transgene by the transgenic 
animal.  This method proves that this particular transgene DNA sequence is being 
transcribed and efficiently expressed.   
Another sure method of proving the expression of the transgene is to simply run a 
denaturing SDS gel or a Western blot. This method determines whether the transgene is 
being expressed into protein.  This method is similar to a Southern blot in that it involves 
electrophoresis and blotting to a membrane, but in this case proteins are separated not 
DNA, and the specific transgenic protein is detected using an antibody. 
 
 
 
Figure 10: RT-PCR Overview (‘Figure 6.5’ Strachan, et al., 1999) 
 
 
 
 23
 
Chapter 2:  Transgenic Animal Classification & Examples 
  
  
 Transgenic animals can be used in many different applications and situations.  
Some of these applications include: Disease models, transpharmers, food sources, 
Scientific Models, and Xenoplanters, each of which is discussed in this chapter. 
 
Disease Models 
 Many different animals are used to mimic human disease so that new drugs can be 
tested, and to understand their response to the drugs, and disease mechanisms. Examples 
in this category include “Oncomouse” (Stewart et al., 1984), “AIDS mouse”(Namikawa 
et al., 1988), and the Alzheimer’s mouse (Games et al., 1995).  These mice were 
developed to mimic some aspect of a human disease to help satisfy the FDA requirement 
that any new drug be tested in animals, and to help understand the origins of the disease.   
Oncomouse 
 “Oncomouse”, otherwise called the Harvard mouse, carries and expresses 
MTV/myc fusion genes (i.e. the myc oncogene whose promoter has been replaced by the 
hormonally inducible mouse mammary tumor virus promoter).  This transgene insert 
causes adenocarcinomas.  This mouse model is being used world wide for cancer studies 
and has lead to prevention of a certain type of blood cancer in Africa.  However, the 
greatest accomplishment of the “oncomouse” is that it was the first transgenic animal to 
be patented (US Patent and Trademark Office.  Patent #4,736,866).  Since the 
 24
developments of transgenic animals are costly, this Supreme Court case allowed the 
patent of not only the methods of creating the mice but to actually patent the mammal 
itself.  This patent allowed transgenic animal research to be more desirable investment 
because the money can be returned through the patent.  More money is now available for 
this type of research through private corporations after this landmark controversial court 
case, and thus more transgenic animals are created to study disease. 
 
Alzheimer’s Mouse 
 Alzheimer’s disease is becoming more and more prevalent due to our ageing 
population.  In February 1995, the cover of Nature revealed the first successful animal 
model of Alzheimer’s disease, created by WPI’s Professor Adams and his colleagues at 
the former Transgenic Sciences, Inc (Worcester) (Games et al, 1995).  This transgenic 
mouse line develops Alzheimer’s disease type neuropathology, containing high levels of 
human mutant APP, extracellular thioflavin S-positive Aβ deposits, neuritic plaques, 
synaptic loss, astrocytosis and microgliosis.  This model was created using platelet-
derived growth factor (PDGF)-β promoter (to target the transgene to the same areas of 
the brain where Alzheimer’s patients develop plaques) and the human APP gene mutated 
at residue 717 (valine replaced with phenylalanine).  The construct also contains APP 
introns 6 to 8, to allow alternative splicing of exons 7 and 8 (see Figure 11) and the 
production of all 3 amyloid isoforms.  The plasmid vector was microinjected into mouse 
embryos at the two cell stage, the embryos cultured to the blastocyst stage, then 
implanted into recipient uteri.  The mice were screened for the transgene using Southern 
blot analysis, and RT-PCR (see Figure 12).   
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 Immunoblot analysis and immunoprecipitation were also used to detect the 
amount of Aβ in the brain of the transgenic mouse.   All of these experiments 
successfully showed incorporation and expression of the transgene in the mouse.  At 8 
months, the transgenic mouse’s brain was examined histopathologically using antibodies 
that bind to the amyloid plaques (Aβ1-40 peptide) and Aβ deposition antibodies specific 
for free N-terminus of Aβ (Aβ1-5) and specific for C-terminus of Aβ (Aβ1-42) to show 
the high density of these proteins in the transgenic mice.  Laser scanning confocal images 
also showed distorted neuritis containing synaptophysin, amyloid core, synaptic loss and 
neuropil surrounding the amyloid core in the transgenic mouse.  The transgenic mouse 
also showed high levels of Aβ deposit and morphologically abnormal hAPP-positive 
neuritis (see Figure 13) and reduced levels of microtubule-associated protein-2 and 
synaptophysin.  These results indicate that they have successfully mimicked the 
Alzheimer’s disease in humans in mice, and this model could prove to be important in 
producing medicine that would be safe and effective for patients with Alzehimer’s 
disease (Games et al., 1995).   
Figure 11: The 
Mutated hAPP 
Gene  Inserted 
Into Transgenic 
Alzheimer’s Mouse 
(‘Figure 1a, Games, 
et al, 1995). 
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Figure 12:  RT-PCR Screening of Tailsection DNA For the Amyloid  
Transgene Using Human and Mouse Primers.  *695, 751 and 770  
indicates isoforms of hAPP (‘Figure 1b, Games, et al, 1995) 
 
 
 
 
 
 
 
 
 
 
Figure 13: Aβ Deposit in Transgenic Mouse 
Brain (red) hAPP positive neuritis (green)  
(Figure 4c, Games et al, 1995) 
 
 
 
 
 
 
 
 
 
In 1999, a group of researchers published an article in Nature using this 
Alzheimer mouse model (termed PDAPP mouse), to find a prevention for this disease.  
They discovered that immunization with amyloid-beta protein produced Aβ antibodies 
that cleared the plaques from the brain (Schenk et al, 1999).  Clinical human trials are 
occurring now to see whether decreasing levels of amyloid plaques in the brain allows 
restoration of brain function (Jones, 2000).   
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Transpharmers 
 Yet another type of transgenic animal is transpharmers.  Transpharming uses a 
transgenic animal to collect valuable human proteins, enzymes, and growth factors for 
pharmaceutical purposes.  These animals can produce these proteins in blood, liver, or 
kidney, but such production is limited by the volume that can be removed from the 
transgenic animal.  So most such animals currently secrete the pharmaceuticals in milk.  
 Since the initial successes to create milk transpharmers in the 1980’s (for a review 
see Clark, 1998), several other studies have focused on increasing drug yield.  In 1994, 
Archer et al. created an efficient viral delivery technique for creating transgenic goats.  
Two retroviral vectors of Gibbon ape leukemia virus (GaLV) were used to transfect goat 
mammary secretory epithelial cells.  The vector contained the retrovirus vector and 
MFG-hGH (see Figure 14).    
 
 
Figure 14: The Retrovirus 
Vector Used to Deliver 
MFG-hGH to Goat 
Mammary Glands.  The 
vector contains an hGH 
cDNA driven by MoMLV 
LTR.  SD, splice donor 
sequence; SA, splice 
acceptor sequence;  (Figure 
1, Archer et al, 1995 
 
 
 
The goats were milked twice daily and analyzed for HGH production using an 
immunoassay (See Figure 15) and 14% SDS/PAGE gels (Figure 16). 
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Figure 15: hGH Levels in Milk 
Determined by Immunoassay.  
Note that the highest expression occurs 
early in lactation (Figure 3, Archer et 
al, 1995) 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Milk From Goat-3 Diluted 10 
folds and Analyzed by SDS/PAGE. 
Lanes (1) Molecular weight markers, (2) control goat , (3) 
right  (4) left test gland from day 1 of lactation, (5) right 
(6) left from day 5 of lactation, (7) right (8) left from day 
9 of lactation, (9) right (10) left from day 13 of lactation  
(Figure-4, Archer et al, 1995) 
 
 
 
 
 
 Another attempt was made to produce milk with increased casein.  Casein is 
contained in all milk, creating the chalky milk consistency and is responsible the 78-80% 
of protein contained in milk.  Caseins bind calcium phosphate and magnesium within 
spherical particles named casein micelles.  Casein is cleaved by chymosin and is used in 
cheese-making to destabilize micelles and form the curd.  Thus an increase in casein 
concentration would increase the cheese yield (see Table 2).  A 20% increase in casein 
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results in an annual increase of $200 million per year in cheese production. Casein is also 
used in vitamin tablets, instant drinks, and infant formulas.  It is also used for paper 
coatings, cosmetics, button-making, paints, and textile fabrics (Karatzas, 2003).   
 
 
 
Table 2: Potential Modifications of Milk Composition by Gene Addition and Expected 
 Functional Outcome  (Table 1, Karatzas, 2003) 
 
 
Food Sources 
 Another category of  transgenic animal are those used for food.  Since the cost of 
production and the consumption of food have grown with the increase in world 
population, transgenic animal technology has tried to alleviate these problems by creating 
larger pigs, larger fish, faster growing animals, etc.   
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Transgenic Pigs as Food Sources 
 One of these attempts was by Pursel et al. (1997) to create swine with less fat 
content, increased growth rates, and thus increasing feed efficiency.  They used an ovine 
metallothionein-1a (oMT1a) promoter coupled to ovine growth hormone (oGH) as 
transgene, and microinjected it into the pronucleus.  The oMT1a promoter can be induced 
with dietary zinc to activate the transgene.  The goal of this experiment was to create 
transgenic swine which expression levels of growth hormone that can be regulated with 
dietary supplements.  The offsping were analyzed after birth by removing a tip of each 
pigs tail and screening for the transgene using PCR.  The piglets that confirmed the 
insertion of the transgene by PCR were also screened using Southern blot.  Blood was 
then collected at various times and analyzed for oGH levels (see Figure 17).  Note the 
high levels of HGH expression in animal 7203F (right side of figure). 
 
 
Figure 17:  Plasma Concentrations of Ovine Growth Hormone (oGH) in Control and  
 Transgenic Pigs, Before and After Induction of Transgene by Zinc Supplementation.   
Sex is  indicated with (M) for male and (F) for Female  (Figure-1, Pursel et al, 1997) 
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 At 124 to 131 days, the pigs with little oGH expression were put on 2000 ppm of 
Zinc oxide diet for 6 days.  They were killed between 145 and 151 days of age, and their 
tissues analyzed for lipid, protein, water, and cholesterol (see Table 3).  Most of the 
transgenic pigs did not greatly differ in weight from their non-transgenic littermate 
controls. However, many of the transgenic organ weights were heavier.  Total fat was 
lower for the transgenics, while the total protein, water content, and BR fiber were 
significantly higher for transgenics.  Transgenic and control littermates did not differ in 
cholesterol content, shear-force values, and percentage of fiber type.  The authors of this 
paper conclude that more efficient method of regulating the production of growth 
hormone must be achieved to have any practical applications for food sources.  The best 
producing swine, 7203, died immediately after termination of the zinc supplements due to 
acute gastric hemorrhage due to ulceration of the pars esophagea.  
Years later, this experiment proved to be disastrous.  The swine created started 
having serious health problems due to uncontrolled regulation of ovine growth hormone.  
Organs swelled and the animals became severely arthritic to the point where they could 
not stand, they suffered lethargy, ulcers, heart problems, partial blindness, and the male 
pigs were impotent (“Modifying Life”, 2004).  These ‘Beltsville pigs’ constitute one of 
the most well known genetic engineering health disasters in history, and are the subject of 
the ethics chapter. 
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Table 3:  Carcass and Longissimus Muscle Composition of Growth Hormone- 
  Transgenic Versus Control Pigs  (Table 3, Pursel et al, 1997). 
 
 
 
Transgenic Fish as Food Sources 
 
A more positive example of engineering a food source are transgenic fish.  Many 
of the fish we already eat have overexpression of growth hormone via selective breeding.   
Devlin et al. in 2001 microinjected a salmon gene construct overexpressing growth 
hormone into eggs of rainbow trout of a slow-growing wild strain.  These fish grew faster 
(but not larger) than their wild type counterparts.  Devlin et al. also expressed concern 
that all the transgenic fish with the inserted growth hormone died before sexual 
maturation due to cranial abnormalities.  The authors demonstrated that the transgenics 
achieved no larger a size than traditionally bred (and enhanced) strains (Figure 18), but 
since they matured faster this method may still provide some advantage in aquaculture. 
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Figure 18: Comparison of Growth Hormone-
Transgenic Versus Domestic Trout.    
(Figure 1, Devlin et al, 2001) 
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Scientific Models 
 Scientific models are transgenic animals created to teach us something about 
ourselves, such as development or physiology.   
 
ANDi the Transgenic Monkey 
 Chan et al. (2001) created the world’s first transgenic monkey, named ANDi for 
“Inserted DNA” backwards (Figure 19).  Although ANDi only had a marker transgene 
inserted, and was not a disease model, the Chan 
experiment may open the door for other transgenic 
primates to be created as more accurate disease 
models than rodents.  Although the techniques to 
create transgenic mice have become relatively 
efficient over the years, the efficiency in creating 
transgenic primates has been low.  Chan et al. used 
a retroviral vector pseudotyped with vesicular 
stomatitis viral envelope glycoprotein G (VSV-G) 
to allow infection of a wide variety of cell types.  
The vector included a gene encoding jellyfish GFP, green flourscent protein, under 
control of cytomegalovirus early promoter or the human elongation factor-1 alpha 
promoter.  The viral infected cells (carrying the transgene) were then transferred to 
surrogate mothers, giving birth to 3 healthy males, one of which was transgenic.  Table 4 
summarizes the transgenesis efficiency in the Chan experiment.   
Figure 19: World’s First 
Transgenic Monkey, ANDi. 
(Figure 2a, Chan et al, 2001) 
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 Table 4: Summary of Primate Transgenesis Efficiencies.  
 (Table 1, Chan et al, 2001) 
 
 PCR was performed on hair, blood, umbilical cords, placentae, cultured 
lymphocytes, buccal epithelial cells, and urogenital cells passed in urine to detect the 
presence of the GFP transgene (Figure 20).  One newborn, ANDi, showed the presence of 
GFP transgene in all analyzed tissues.  RT-PCR (Figure 20) and Southern blots (Figure 
21)  indicated ANDi is a successful transgenic monkey expressing GFP in all of the 
tissues screened for the protein.  This method of making transgenic primates could help 
create valuable models for advancing human gene therapy treatments, cell therapies, and 
for testing vaccines.   
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Figure 20: PCR and 
RT-PCR analysis of 
transgene encoding GFP 
 (A) Thirteen tissues from an intact fetus were submitted for PCR and (B) 11 tissues for RT-PCR. (C) Analysis of the male stillborn. 
Tissues from the reabsorbed fetus were collected from eight different regions to ensure broad representation, because precise 
anatomical specification was limited. (D through F) PCR, RT-PCR of the reabsorbed fetus. A total of seven samples were obtained 
from each offspring for PCR (G), two samples for RT-PCR (H) from "ANDi" and one of the other two male offspring. (I) Analysis of 
the newborns, indicates that "ANDi" is a transgenic male with the presence of mRNA in all analyzed tissues. Co, cord; Bo, blood; Ly, 
lymphocyte; Bu, buccal cells; Ur, urine; Ha, hair; Pl, placenta; Lu, lung; Li, liver; He, heart; In, intestine; Ki, kidney; Bl, bladder; Te, 
testis; Mu, muscle; Sk, skin; Ta, tail; Pa, pancreas; Sp, spleen; T1 = placenta from reabsorbed fetus; T2 to T9 = tissues retrieved from 
eight regions of the reabsorbed fetus; C1 = nontransgenic rhesus tissue; C2 = C1 + pLNC-EGFP; C3 = ddH2O; C4 = 293GP-
LNCEGFP packaging cell; C5 = nontransgenic liver; C6 = transgenic lung without DNase; C7 = transgenic lung without reverse 
transcription; C8 = C1 + pLNEF-EGFP. ND, not determined 
 (‘Figure3’ Chan, et al., 2001) 
 
 
Figure 21: Southern Blot analysis of 
transgene and detection of provirus 
sequence. (A) Southern blot analysis of Hind III (single 
digestion site) digested genomic DNA. Full-length GFP 
labeled with [32P] was used as a probe to detect the transgene, 
which was detected in genomic DNA of the normal male 
stillbirth (B) and reabsorbed fetus (C). Nontransgenic rhesus 
tissue was used as a negative control (C1) and pLNC-EGFP 
DNA as a positive control (not shown). Various sized 
fragments were demonstrated in tissues obtained from each. 
This result indicates multiple integration sites due to the use 
of a restriction enzyme with a single digestion site within the 
transgene. (D) Detection of the unique provirus sequence. A 
total of five tissues from each infant and two tissues from a 
male stillbirth and the reabsorbed fetus were submitted for 
PCR. Provirus sequence was detected in "ANDi" and the two 
stillbirths (42), which indicates that they are transgenic. 
Abbreviations are the same as those in Figure 21. Mu, muscle 
from the male stillborn; T3, tissue from the reabsorbed fetus. 
(‘Figure 4’ Chan, et al., 2001) 
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Smart Mouse  
 Another article demonstrating the use of transgenic animals to understand human 
biochemistry was written in 1999 by Tang et al.  A hypothesis made in 1949, called 
Hebb’s rule stated that learning and memory are based on modifications of synaptic 
strength among neurons that are simultaneously active.  The authors attempted to prove 
this hypothesis by creating transgenic animals with increased synaptic coincidence by 
overexpressing a key subunit of the NMDA (N-methyl-D-aspartate) receptor for 
enhancement of learning and memory.   
 NMDA receptors are heteromeric complexes consisting of 2 subunits, NR1 and 
another subunit, usually NR2 or 3.  NR1 is essential for channel function, whearas NR2 
regulates channel gating and Mg ion dependency.  Because young animals overexpress 
the NR2b subunit, Tang et al attempted this same overexpression in their transgenic mice.  
The authors overexpressed the NR2B subunit postnatally in the mouse forebrain using a 
CaM-kinase-II promoter (See Figure 22).   
 
 
 
 
 
 “Doogie”, the transgenic mice created with high levels of NR2B subunit, showed 
high levels of transgene expression in the cortex and the hippocampus as assayed by 
Northern and Western blots (Figure 23). 
Figure 22: Transgene 
Vector Layout for  Doogie 
the Smartmouse (Figure 1a, 
Tang et al, 1999) 
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 A single-bouton technique was used to record the amount of NMDA and AMPA 
current required to pass through the receptor to open the NMDA channel, to close the 
channel, and to calculate the total charge transfer (Figure 24).   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: Left Panel: Northern Blot Analysis of 
NR2B Transgene mRNA Expression.  Right Panel: 
Western Blot Analysis of NR2b Protein Expression. 
 (Figure 1b, and c, Tang et al, 1999) 
Figure 24:  NMDA Currents at +40mV Recorded From WT (light 
trace) and Transgenic Mice (dark trace) at Days 10, 14, and 18 In 
Vitro.  (Figure 2c, Tang et al., 1999) 
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Although the NMDA receptors in WT and transgenics required the same amount of 
voltage, the amount of time that the NMDA currents disappeared (signal decay time) was 
1.8 times longer after day 18 of in vitro experiment (see Figure 24, upper curve).  The 
prolonged decay time and the synapse peak amplitude increase in the transgenic mice 
show that the transgene has the ability to transfer 4 times more charge for a given voltage 
than wild type brain slices.  Thus the transgenics showed a longer time that the NMDA-
receptor channel stays open, enhancing NMDA activation in individual synapses, and 
increased chances for the synapse to detect coincidence (learning).   
 The next question was whether the animals actually learned faster.  Several 
psychological tests (a novel object recognition test, contextual and cued emotional tests, 
fear extinction tests, and maze tests) were used to measure differences in transgenic mice 
compared to normal mice.  In the novel object recognition test, mice were allowed to 
examine two objects.  One hour later, one of the objects was replaced by a novel object 
and the test measured which object the mouse spent most of its time examining.  A smart 
animal would spend more time examining the new object, and less time examining the 
old one it is already familiar with.  The experiment was conducted at 1 hour after the 
original training session, 1 day, 3 days and a week (see Figure 25).  The transgenic mice 
(upper curve in Panel B) preferred the novel object (showing longer memory of the 
previously explored old object) more than the WT, until 3 days later when the two 
animals functioned similarly.   
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 In the contextual and cued fear conditioning, transgenic mice showed stronger 
freezing responses as compared to the WT mice.  These test results did not demonstrate 
emotional memory of the mice.  Although in the extinction trials, the transgenic mice lost 
the response to fear much quicker than the WT mice.  In the water maze trials (Figure 
26), the mice swim in a tank towards an underwater platform to stand on.  The smarter 
the animal, the longer the time is spent in the correct area of the tank.  The transgenic 
mice continuously showed preference for the correct targeted area. 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: Novel Object 
Recognition Memory Test.  (a) 
training session (b) retention test.  
(Figure 4, Tang et al, 1999) 
 
Figure 26: Maze Test  on Doogie 
the Smartmouse vesus Controls.  
(b) end of 3rd training session, 
(c) end of 6th training session.    
(Figure 7b and c, Tang et al, 1999) 
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Xenotransplanters   
 In the mid 1980s, organ transplanting for organ failures became a popular method 
of treatment after the introduction of immunosuppressive drugs.  However, 
transplantation procedures are severely limited by the availability of donors.  
Xenoplantation is a new approach to transplantation that uses organs from an alternative 
species, such as pigs.  The greatest barrier to progress in pig-to-primate organ 
transplantation according to Lai et al (2002) is immunorejection of the foreign organ.  
This rejection is caused by the patient recognizing the organ as foreign due to the 
presence of unusual sugars (terminal α-1,3-galactosyl epitotpes) on the surface of pig 
cells.  Humans have long lost galactosyltransferase activity, and produce natural 
antibodies to the epitope that cause immunorejection.  Temporary removal of these 
natural antibodies has allowed the survival of the newly transplanted organ for a limited 
time, but even with high levels of immunosuppressive drugs the chances of organ 
survival is severely limited.  In Lai et al (2002) the authors attempted to create a genetic 
knockout of α-1,3-galactosyl-transferase (GGTA1) locus in pigs to create safe and 
effective pig organs for transplant. 
 A targeting vector, pGalGT, was used for homologous replacement of the 
endogenous GGTA1 allele (see Figure 27) containing 21 kb homology to the GGTA1 
locus.  This gene has a truncated version of the galactosyl-transferase gene. The vector 
insert contains a Bip internal ribosome entry site and G418 resistance. 
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  This vector was inserted into the ES cells of miniature pig cell lines.  After the 
vector was inserted, the transfected cells were selected using G418 resistance, and 
confirmed using RT-PCR (see Figure 28).   
 
 
 
 
 
 
 
 
 
 
Figure  27: The pGalGT Targeting Vector 
Used to Knockout the Porcine GGTA1 
Gene, and PCR Primers Used for Screening.   
(Figure 1, Lai et al, 2002) 
 
Figure 28: RT-PCR Screening of the GGTA1 Knockout in Transgenic Piglets.   
 (A) Upstream genomic PCR analysis,  (B) downstream PCR analysis . 
(Figure 2, Lai et al,2002) 
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 The ES cells that underwent the desired knockout recombination event were 
microinjected into embryos, grown to the blastocyst stage, then implanted in utero.  Table 
5 shows the pigs overall health summary.   
 
 
 
 
 
 The next step in advancing xenoplantation technology is to create α-1,3-
galactosyl-transferase-null (homozygous knockout) pigs by breeding to a heterozygous 
male produced by nuclear transfer or nuclear transfer modification of cell lines produced 
by the female pigs in this paper.  The authors of this paper believe that α-1,3-galactosyl-
transferase-null animals will not be lethal, and anticipate that this will eliminate 
complications with hyper acute rejection in xenotransplantation. 
 Many companies are trying to accomplish the same ideas as these authors.  PPL 
Therapeutics’s lab in Blacksburg, VA announced their first male alpha-1,3-galactosyl-
transferase knockout pigs born in March 2002.  They plan to breed these to their former 
Table 5: Health Summary of NT-Derived Miniature Swine 
Piglets.   H, healthy; NG, normal growth;  D, dead.  
(Table 2, Lai et al, 2002) 
 
 44
created female knockout pigs born in December 2001.  Four healthy females were created 
by PPL Thearapeutics that were deficient in 1,3-galactosyl-transferase gene (Phelps, 
2003).  The same group Lai et al., also released a paper recently announcing the creation 
of alpha-1,3-galactosyl-transferase null pigs (Kolber-Simonds, 2004).  The paper showed 
that bone marrow transplants from these null pigs were not as successful as dreamed.  
Cellular hyporesponsiveness was prolonged, but long-term engraftment and chimerism 
were not achieved (Tseng, 2004). 
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CHAPTER-3:  TRANSGENIC ETHICS 
   
The question of whether or not transgenic animals should be made is at the center 
of debate in the world of biotechnology.  It has become an issue largely due to lack of 
legislation regulating the appropriate use of transgenic animals in genetic research.  
Currently, the Animal Act of 1986 is the only piece of legislation limiting genetic 
scientists (Masood, 1997).  Under this act all animals in research need to be licensed by 
the sponsoring institution’s Animal Procedure Committee.  Its support lies on the 
foundation of the cost-benefit approach – a procedure will only be licensed if the benefits 
to humans or other animal species, outweigh the costs, in terms of suffering, to the animal 
in research (Masood, 1997). 
Since the act was passed, biotechnology has made significant benefits to genetic 
research, and in some instances, increased animal suffering. Furthermore, animal activists 
have become increasingly more sophisticated in their quest to solidify ethical boundaries 
confining biotechnology.  They are calling on the National Bioethics Advisory 
Committee to reassess transgenic animal research (“In Defense”, 2000). The NBAC is the 
governmental body that deals with moral and ethical questions presented by 
experimentation with transgenic animals.  
Good things have unarguably come from animal research, and the significance of 
such findings has become essential for scientific and medical progress, even though 
animal sacrifice is at times regrettably necessary.  In order to suppress social concern 
over animal research the NBAC needs to address biotechnology research and animal 
rights simultaneously.  Thereby, shifting the focus from whether or not animals should be 
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used, to when it is absolutely appropriate to use animals, and under what conditions in the 
pursuit of human needs.  
Transgenic animals are absolutely vital for adding commercial value to medical 
research, the pharmaceutical industry, and agriculture.  These animals provide accurate 
and cost-effective models for the study of human diseases, improve pharmaceutical 
manufacturing, in addition to offering the capability of improving food sources and 
disease resistant animals.  Transgenic animals also present the possibility of transplanting 
animal organs into humans (Walter, 1998). 
Transgenic animals are commonly referred to as “gold mines for researchers.”  
They make researching causes and possible treatments of disease much more feasible.  
Scientists use these animals as living laboratories that virtually take the guesswork out of 
in vivo toxicology studies.  Animals are engineered to exhibit specific characteristics that 
a human would, when exposed to chemicals.  Some traits however don’t become 
apparent until future generations, necessitating the use of large numbers of animals.  
Transgenic animals facilitate studies by allowing researchers to study first generation 
mutations, as well as mutations in offspring at the same time.  Therefore providing faster, 
less expensive, and more realistic results. 
Animals are an indispensable means to improving quality in some disease studies.  
In some studies however, animals are the only alternative (Walter, 1998).  These 
scenarios involve substances that are hazardous to humans, but not to animals.  By 
incorporating transgenic animals into the research, studies on serious human ailments are 
available without involving human subjects.  
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Currently, transgenic models exist for AIDS, sickle cell anemia, Down’s 
syndrome, hepatitis B, high cholesterol, various cancers, and Alzheimer’s disease.  Mice 
models of the diseases are also an economic and practical way for pharmaceutical 
companies to test products.  By engineering the animals to be prone to a specific malady, 
pharmaceutical companies can assess the effectiveness of vaccines and drugs.   
Table 6 (Curran & Koszarycz, 2004) details some examples of these proteins and the 
transgenic animal used in their production: 
Example of Medicine Production by Transgenic Animals 
Drug Disease/Target Animal Company 
alpha-lactalbumin anti-infection cow PPL 
Alpha-1 Antitrypsin (AAT) deficiency leads to emphysema 
sheep PPL 
CFTR cystic fibrosis sheep, mouse PPL 
human protein C thrombosis pig, sheep PPL 
tissue plasminogen activator 
(TPA) thrombosis mouse, goat PPL 
human calcitonin osteoporosis rabbit PPL 
factor VIII haemophilia pig  sheep 
Pharming  
PPL 
factor IX haemophilia pig, cow  sheep 
Pharming  
PPL 
fibrinogen wound healing cow  sheep 
Pharming  
PPL 
alpha-glucosidase Pompe disease rabbit Pharming 
collagen I  
collagen II 
tissue repair  
rheumatoid arthritis 
cow  
cow 
Pharming 
lactoferrin GI tract infection,  infectious arthritis 
cow Pharming 
antithrombin 3 (ATIII) thrombosis goat GTC 
glutamic acid decarboxylase type 1 diabetes mouse, goat GTC 
human serum albumin (HSA) maintains blood volume mouse, cow GTC 
msp-1 malaria mouse GTC 
Pro542 HIV mouse, goat GTC 
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Ethics Example, Alzheimer’s Mice 
As introduced in Chapter-2, in 1995 the cover of the international journal Nature 
announced the creation of world’s first Alzheimer’s mouse (Games et al, 1995).  Created 
by Prof. Adams of WPI and his colleagues at the former Transgenic Sciences Inc. 
(Worcester), this mouse line contains a version of the human amyloid gene present in an 
early onset family pedigree in Indiana (the Indiana mutation).  Heralded as a “landmark 
in Alzheimer’s research” by the New York Times (Kolata, 1995), these animals (termed 
PDAPP mice) demonstrated that mutant amyloid synthesis and deposition into senile 
plaques was sufficient for initiating the disease.  The mouse line was sold to Elan 
Pharmaceuticals (San Francisco, CA).  Over the past decade, Elan with Dale Schenk and 
his colleagues have been using these PDAPP mice to develop an effective Alzheimer's 
vaccine.  The study involved immunizing the mice with A 42, a  42-amino-acid form of 
the Amyloid-  peptide (Schenk et al, 1999) to cause the animals to synthesize antibodies 
against amyloid (and its precursors).  The antibodies not only cleared out senile plaques 
from the brain, but also prevented plaques from forming in younger animals.  The study 
proved to be a “proof of principal” in the advancement of AD research because it showed 
that the mice developed fewer plaques if they were injected with the -amyloid early in 
life.  Increasing the benefits even further, it also found that by injecting the protein in 
older mice, where the plaques had already been present, the antibodies cleared away 
plaques.  In some instances, the vaccine not only cleared plaques — it also seemed to be 
lessening the symptoms of the disease.  This was the first report of a clinically relevant 
treatment that reduced the development of Alzheimer’s disease in a transgenic animal 
model (Check, 2003).  Elan’s first series of human clinical trials with the vaccine was 
 49
halted after a few patients developed swelling in the brain, but they are currently in a 
second clinical trial with a second-generation vaccine. 
In more recent studies, researchers are attempting to improve the results using two 
different techniques – a modified version of the -amyloid protein to make the vaccine, 
and a passive approach that involves directly injecting the animals with antibodies against 
the -amyloid.  Schnek and researchers from Elan believe that the entire -amyloid 
containing 42 amino acids is not needed to trigger a response.  Neuroscientists from the 
University of Toronto tested this hypothesis by vaccinating transgenic mice with an 
amyloid-  consisting of only seven amino acids, and found that by doing so antibodies 
were generated that recognized the complete amyloid-  protein (Check, 2003).   
The passive approach is also making medical gains. The drug giant Eli Lilly in 
Indianapolis, Indiana demonstrated through transgenic mice that the vaccination starves 
off learning and memory loss that develops in AD.  Transgenic mice models of the 
disease are injected with antibodies that alter the levels of the -amyloid protein 
circulating in the cerebrospinal fluid surrounding the brain. The result of this Eli Lily 
study was the 'peripheral sink' hypothesis: if -amyloid is constantly circulating from the 
brain out into the cerebrospinal fluid and blood, removing it from the blood would 
eventually cut levels in the brain (Check, 2003). Hence explaining why passive 
vaccination is able to clear away brain plaques even though few antibodies are able to 
cross from the blood into the brain.  The use of transgenic mice in this study, as well as 
the Elan study, has catapulted the advancement in AD years closer to FDA approval. 
The ongoing Alzheimer’s vaccine clinical trials in humans would not have been 
possible without first testing in a valid animal model, thus the creation of the mouse line 
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was absolutely essential for moving forward with the vaccine.  Due to the very strong 
medical applications of these transgenic experiments, and the relatively minimal amount 
of animal suffering (they learn slower on a maze test, and are usually sacrificed prior to 
advanced onset), these experiments are frequently touted as ethically strong.  The overall 
benefit to the public outweighs the detriment to the animal in this specific case. 
However, not all transgenic disease models display such clear ethical choices.  
For example, Oncomouse (also introduced in Chapter-2) has provided society the strong 
medical benefits of gaining a clearer understanding of the causes of tumor formation, and 
in providing a model for screening anti-cancer drugs, but the animal can indeed suffer 
noticeably with tumor formation.  The authors of this IQP feel that the medical benefits 
provided by Oncomouse compel a continuance of this line of experimentation, but with 
very strong institutional oversights ensuring the animals are sacrificed before advanced 
tumor formation, and the use of pain killers. 
 
Ethical Example, Transpharmers 
Transgenic animals also offer the pharmaceutical industry the added benefit of 
enhancing drug production.  The animals are sometimes used as “factories” (Walter, 
1998) to advance the production of proteins, either through the milk from dairy animals 
or through the eggs from chickens.  Because these drug producing transgenic animals are 
often farm animals, we use the term “Transpharmers” to refer to them.  These animals 
provide industry with the capability to mass-produce valuable proteins while improving 
product quality, and reducing operational and customer costs. 
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Transgenic goats offer significant advantages to the pharmaceutical industry in 
the production of biopharmaceuticals – namely their short generation time relative to 
cattle and the fact that they produce 2-to-3 times more milk compared with sheep.  Goats 
also posses less of a disease threat due to their much lower susceptibility of scrapie and 
“Mad Cow” (“Cloned Genes”, 1999).   
In an effort to improve transpharming goats, the Genzyme Transgenics 
Corporation (Framingham, MA) produced transgenic goats by nuclear transfer of fetal 
somatic cells. The process was successfully accomplished by obtaining donor karyoplasts 
from a primary fetal somatic cell line, derived from a 40-day transgenic female fetus 
produced by artificial insemination of a nontransgenic adult female with semen from a 
transgenic male.  Three identical healthy kids were born (Baguisi et al, 1999). Through 
this study, GTC was able to improve the efficiency of large animal cloning, a key sore 
point with activists who trumpet the number of embryos destroyed in typical large animal 
transgenic experiments.  The results of the study showed an improvement of 3% 
transgene integration to 100% transgenic animal production.  From a producer’s 
standpoint the study showed a reduction in the “time-to-market “ – 8-9 months from cell 
line transfection to milk expression.  The animals were also genetically modified to 
increase yield production, in turn increasing protein production.  The only drawback to 
the producer using this system is the $100,000-300,00 capital investment for each animal 
(“Cloned Genes”, 1999).   However, this goes by the way-side with the prospect of using 
small herds of “genetically elite” goats, secreting human pharmaceuticals in their milk, 
for a more standardized production and quality control system in biomanufacturing. 
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AviGenics (Athens, Georgia) is also pursing commercial opportunities through 
avian transgenesis and nuclear transfer.  The company produces human 
biopharmaceuticals and proteins in the egg whites of chickens.  AviGenics is looking for 
poultry to become the front-runner in biomanufacturing  (Dove, 2002) due the fact that 
transgenic chickens have the capability to lay 250-330 eggs a year, with each egg white 
possessing 4 grams of a given protein (“AviGenics Inc”, 2000).  The natural efficiency of 
the chicken and the egg cycle also offers a fast, inexpensive, and prolific protein 
production source via a low capital investment.  The use of transgenic poultry will 
alleviate capacity, time and cost constraints of drug discovery and production, currently 
felt by the pharmaceutical industry in biopharm production facilities today. 
Genetic engineering also appeals to agriculture.  New generations of dairy cows 
that have more diverse genetic variations offer farmers an increase in milk production 
and better milk quality.  The technique used to genetically manipulate cows involves 
microinjecting a gene that is designed for specific expression within mammary cells, into 
the pronucleus of fertilized eggs.    This practice has no adverse affects on the animals 
since the milk contains the new proteins and the new protein is continually removed from 
the animal, via milking.  Nexia Biotechnologies (Montreal, Canada) applied this method 
to BELE goats using the casein gene.  BELE goats were used because they offer a 
number of attributes- they are year round breeders that breed relatively early, they lactate 
early, they are reasonably small in size which inadvertently reduces feeding costs, and 
they produce a sufficient amount of milk comparable to dairy cattle.  The results of this 
study revealed an increase in the amounts of the casein protein in milk, which in turn 
influenced an improvement in cheese yield and nutritional quality (Karatzas & Turner, 
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1997).  Thus, exemplifying the potential benefits of transgenic animals to the dairy 
farmer.   
Overall, transpharmers show strong medical benefits in the cost-effective 
production of new medicines, with no detectable animal suffering.  So the authors of this 
IQP feel this line of experimentation should be continued.  It is worth noting that Hindus 
belive all cows are sacred (Curran & Koszarycz, 2004), and are against bovine 
transgenesis (discussed further below), however the authors of this IQP are not Hindu, 
and have no trouble with this line of experimentation. 
 
Ethical Example, Superpig 
 
 Another example discussed in Chapter-2 was Superpig, also known as the 
Beltsville Pig since he was created in Maryland.  Superpig over-expresses a growth 
hormone transgene that makes his organs larger than usual, and the meat leaner.  
However, this animal suffered so many medical consequences he had to be put down.  
The gross side effects seen with the Beltsville Pig, involving growth hormone gene 
transfer (O’Brien, 1998), have stopped the growth hormone research industry dead in its 
tracks.  Injections of the bovine somatotropins [or transgenic applications of the same] 
provided no medical or commercial benefits to society and many animals suffered 
tragically: 
“The most common clinical signs of disease associated with [growth hormone] 
transgene expression included lethargy, uncoordinated gait, exopthalmos, and 
thickened skin. The following gross and histopathologic changes were noted in 
some of the transgenic pigs: gastric ulceration, severe synovitis, degenerative joint 
disease, pericarditis and endocarditis, cardiomegaly, parakeratosis, nephritis, and 
pneumonia. In addition, gilts were anestrus and boars lacked libido”  (O’Brien, 
1998) 
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 So in the case of Superpig, the authors of this IQP agree with the self-imposed 
moritorium that scientists placed on this line of experimentation.  We do however note 
that large sized Superfish over-expressing growth hormone do not appear to suffer 
(Devlin et al, 1997), so this line of experimentation may be worth pursuing. 
 
Animal Rights and Transgenesis 
Animal rights are at the heart of social concerns.  Society is uncomfortable with 
the reality that many genetically engineered animal used to help in human disease 
research are bred to suffer form severe disorders such as AIDS, cystic fibrosis, and 
cancer.  Animal rights activists want to know what the logical justification is for the 
current treatment of animals.  They believe that the best test for rights considers whether 
or not an animal can suffer – since animals have a nervous system similar to humans, 
they certainly have the potential to suffer.  The evidence pointing to this is in the 
behavior of the animals, they react to pain and avoid it at all costs (Kopel, 1998). 
The World Society for the Protection of Animals policy on genetic manipulation and 
genetic engineering (“Subject Specific Policies”, 2004) stipulates the following: 
1. WSPA opposes all forms of genetic manipulation, whether by 
breeding or genetic engineering, that result in abnormalities, excessive 
developments of certain bodily features, a reduction in animal health 
or welfare, or are for trivial or cosmetic purposes. 
2. Animals resulting from such manipulative practices should not be 
released onto farms or into the environment until several generations 
have been evaluated to ensure that no harmful side effects arise. 
3. WSPA is opposed to the patenting of animals. 
 
Over the past five years a small company in Syracuse, New York, Transgenic Pets 
has been trying to develop a genetically engineered cat that will not cause allergies.  The 
People for the Ethical Treatment of Animals believe that these cats are mutants.   
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Every single transgenic animal of any species born so far has had genetic defects 
that scientists admit they cannot predict and that seem to adhere to no pattern. 
Transgenic animals are being born with lungs that don't inflate, for example. 
Others can't stand up. Most—98 percent—abort their fetuses. Researchers are 
driven by money, not ethics. They have no idea what will happen to cats if they 
remove the genes that cause sneezing in people. Those genes are there for a 
reason, and tinkering causes physiological and immune system problems that 
researchers admit they can neither anticipate nor control (“Transgenic Cats”, 
2001). 
 
PETA is also fighting for Congress to include birds, rats, and mice into the 
definition of “warm-blooded” animal under the Animal Welfare Act of 1996.  An 
amendment (“Why Include”, 2002) was added to the Farm Bill that specifically excluded 
birds, rats, and mice from the AWA, thereby denying protection to these animals in 
laboratories.   Since birds, rats, and mice are warm-blooded creatures, PETA feels that 
protection from the AWA is necessary to prevent the research industry from appalling 
procedures and conditions that would be illegal for any other warm-blooded animals.  
Former Sen. Bob Dole has stated, “As someone deeply involved with the process of 
revising and expanding the provisions of the AWA, I assure you that the AWA was 
meant to include birds, mice, and rats. When Congress stated that the AWA applied to 
‘all warm-blooded animals,’ we certainly did not intend to exclude 95 percent of the 
animals used in biomedical research laboratories.”  (“Why Include”, 2002) 
In the effort to proceed with the research of transgenic animals, the authors of this 
IQP agree with the animal rights activists on the standing that stricter oversight needs to 
be encouraged and enforced in order to ensure minimal animal suffering.  We also are in 
agreement with PETA and their crusade to incorporate birds, rats, and mice into the 
AWA.  By doing so, an excellent precedent would be set, and research institutions would 
have to apply higher standards to the care of birds and rodents.  We disagree with 
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activists who believe the animals shouldn’t be made at all due to the fear of the unknown.  
The continued creations of these animals, with more sophisticated practices, will bring 
about a better understanding of how to minimize potential animal suffering, while still 
making significant advances in medicine. 
 
Religion and Transgenesis 
Morality and Religion are also on the genetic social platform.  Many people feel 
that since humans are ethical sentient beings, and animals are only responsive beings, 
humans have an obligation not to inflict suffering on animals.  There are others, such as 
Hindus and Buddhists who take it one step further and believe that animals are vital 
beings that constitute a special status in society.  These religions view animals as 
superhuman realities, both divine and diabolic.   
Hindus believe in incarnation within the cosmos, and from this all different living 
beings are reincarnated into heavenly beings, animals, or humans.  Therefore, animals are 
seen as divinity, and aren’t even considered as experimental units.  Animals also take up 
and central place in Hindu Dharma.  Animal gods appear as their own divine entities as 
well as means of transport for Gods and Goddesses.  Many of the Gods and Goddesses 
are associated with specific animals.  For example, Kaamdhenu is the sacred cow of gods 
that fulfils all desires and wishes and is considered the mother of all cows.  Hindus 
protect cows in order for the cattle to bring spiritual merit to humans (Curran & 
Koszarycz, 2004).   
In addition, Hindus, as well as Buddhists, practice external simplicity – behaviour 
that avoids unnecessary and undesirable activities, costs, or side effects.   Besides the 
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spiritual benefits that cattle provides Hindus, cows supply them with dairy products for 
food and provide transportation for people and materials.   Hindus feel that cows are an 
unnecessary, expensive protein source.  Hindus receive sufficient protein from a dairy, 
grain, and vegetable diet that is also much more economical for villagers (Sager, 2003).   
 
Ethical Conclusions 
Our stance on whether or not transgenic animals should be made favors 
biotechnology.  We feel that transgenic animals hold the key to finding disease cures, 
improving food quality, and reducing costs, while improving efficiency of 
pharmaceuticals.  We agree with Dave Porter (1992) in that scientists and their oversight 
committees should have an ethical ideal and a practical scoring system for animal 
experiments.  The ideal should be aimed at minimizing or avoiding suffering inflicted on 
sentient animals.  It should bring about constant pressure to avoid experiments on animals 
whenever possible, to seek alternatives, and to reduce the cut-off for unsuccessful 
experiments (Porter, 1992).   In order to gage the ideal, a proposed scoring system should 
be established including categories based on sensitive ethical issues.  These categories 
should focus on the purpose of the experiment, the realistic potential of the experiment, 
species sensibility of the animal, the amount pain involved, the duration of distress, the 
longevity of the experiment, the amount of animals involved, and of course the quality of 
animal care (Porter, 1992).  By implementing such a program Congress, researchers, and 
animal-activists all benefit.  Congress would have an appropriate measure to dictate what 
type of research is feasible; ethical issues would plague biotechnology less, and animal-
activists would prevail in their fight against animal torture.  
 58
  We also agree that in order for public confidence to strengthen, there needs to be a 
better campaign underlining the benefits of transgenic animals, what they mean, and an 
education of the public in the oversight committees already in place for controlling such 
experiments.  Furthermore, we feel that the penalties, morally, ethically, socially, and 
physically for animal cruelty should be equivalent to that of human violence.  If one 
compares the inhumane treatment of a lab rat to a child in an abusive home, then the 
scientist should be penalized with the same ramifications of a negligent parent.  All rights 
to experiment should be revoked, accompanied with heavy fines, and a stigmatism that is 
incarcerating among peers.   
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CHAPTER-4:  TRANSGENIC LEGALITIES 
 
  
 Controversy over whether genetic modification of animals should be patented has 
grown considerably over the past decade in the United States.  Current legislation (and 
thus society concerns for this technology) focuses on the patenting of transgenic animals 
and what active controls should be required to allow the process to proceed with 
direction.  More specifically, the main issue at hand is whether Congress should pass 
legislation instructing the Patent Trademark Office on how to respond to future 
applications of transgenic animal patents.   
 
Patent Authority in the U.S. 
 The U.S. Constitution gives the federal government the power to grant exclusive 
patents. U.S. patent law is grounded in Article I, Section 8, Clause 8 of the U.S. 
Constitution (Edwards, 2001).  It states, “[t]he Congress shall have Power . . . To 
promote the Progress of Science and useful Arts, by securing for limited Times to 
Authors and Inventors the exclusive Right to their respective Writings and Discoveries. . . 
.”  For Congress, imbedding this Constitutional delegation of power into legislation was 
an important early priority.  Thus, Congress passed the Patent Act in 1793.  In its first 
three sections, the current patent statute identifies the three elements necessary for a 
patent. The first identifies the general purpose of the statute, and articulates the 
requirement that the invention be “useful.”  The second explains the “novelty” 
requirement.  The third requires that the matter not be “obvious.”  Title 35 U.S.C. §101 
states, "[w]hoever invents or discovers any new and useful process, machine, 
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manufacture, or composition of matter, or any new and useful improvement thereof, may 
obtain a patent therefore, subject to the conditions and requirements of this title."  Much 
biotechnology falls beneath the "composition of matter" portion of §101.  However, for 
many years, judicial doctrine limited "composition of matter" to exclude products of 
nature from patentable subject matter (Walter, 1998). 
 
Patenting Microorganisms 
 
In 1980, the Supreme Court decided the case of Diamond v. Chakrabarty, which 
addressed the patentability of a bacterium capable of breaking down crude oil. Ananda 
M. Chakrabarty wanted to obtain patents on three discoveries: (1) the method of 
producing the bacterium capable of breaking down crude oil, (2) “an inoculum comprised 
of a carrier material floating on water, such as straw, and the new bacteria,” and (3) “the 
bacteria themselves.”  Mr. Chakrabarty argued that his bacterium possessed a trait not 
found in naturally occurring bacteria.  The PTO denied Mr. Chakrabarty's patent 
application on the grounds that the microorganisms are products of nature and, as living 
things, per se nonpatentable.  Mr. Chakrabarty then appealed his claim all the way to the 
Supreme Court. The Court decided that the language of 35 U.S.C. §101 was sufficiently 
broad to encompass living microorganisms, therefore expanded patent law to include 
living matter. The Court invited Congress to address the issue (with the exception of the 
Plant Patent Act or the Plant Variety Protection Act), however Congress failed to accept 
this invitation.  Thus, the Supreme Court decision stood, announcing “a live, human-
made micro-organism as patentable subject matter under 35 U.S.C. § 101.”  (Diamond vs. 
Chakrabarty, 1980) 
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Patenting Higher Organisms in the U.S. 
Although Chakrabarty did not specifically encourage patents of higher life forms, 
the case paved the way for animal patenting, and on April 7, 1987 the PTO stated (Patent 
and Trademark Office, 1987): 
• The Patent and Trademark Office now considers nonnaturally occurring non-
human multicellular living organisms, including animals, to be patentable subject 
matter within the scope of 35 U.S.C. 101 [sic]. 
 
• The Board's decision does not affect the principle and practice that products found 
in nature will not be considered to be patentable subject matter under 35 U.S.C. 
101 and/or 102 [sic]. An article of manufacture or composition of matter 
occurring in nature will not be considered patentable unless given a new form, 
quality, properties, or combination not present in the original article . . .  
 
• A claim directed to, or including within its scope, a human being will not be 
considered to be patentable subject matter under 35 U.S.C. 101 [sic]. 
 
This statement made the first animal patent inevitable, and one year later the PTO 
issued a patent for the Harvard Mouse originally created by Stewart et al (1984), and filed 
in 1984 (Stewart and Leder) (Woessner, 1999).  The U.S. Patent No. 4,736,866 was 
issued to Philip Leder and Timothy A. Stewart of Harvard University on April 12, 1988.  
This is the now famous (or "infamous" to many) "Harvard mouse patent."  Claim-1 of 
this patent states: 
1. A transgenic non-human mammal all of whose germ cells and somatic cells 
contain a recombinant activated oncogene sequence introduced into said mammal, 
or an ancestor of said mammal, at an embryonic stage. [U.S. Patent 
No. 4,736,866] 
 
Two notable features of claim 1 are:  (a) it covers all mammals, not just mice, and (b) 
it specifically covers the progeny of the animals that first received the oncogene. DuPont, 
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who had substantially funded the research, now holds the license to the "oncomouse" and 
sells the mice to research institutions (Woessner, 1999).   
Immediately proceeding the patent award, a multitude of animal rights groups 
brought action in a district court against the PTO’s authority to determine whether 
transgenic animals were indeed patentable subject matter. The district court found that 
the Patent Office rule was valid, and was exempt from the public notice and comment 
requirements of the Administrative Procedure Act. The district court case was appealed, 
and the Court of Appeals for the Federal Circuit approved the earlier district court 
holding, stating that the Animal Legal Defense Fund was without standing to challenge 
the Patent Office ability to grant animal patents. As a result, no court has yet ruled on 
whether animals are patentable subject matter under § 101 (Woessner, 1999), although 
the U.S. patent still stands under the PTO ruling.  
By granting the Harvard Mouse patent, the U.S. Patent Office has removed any 
obstacles in the way of patent protection for animals.  At the same time however, no clear 
policy was ever constructed, and parameters pertaining to these patents remain undefined.  
In the absence of any type of guidelines other than the 1987 PTO ruling, the PTO accepts 
transgenic animals as patentable subject matter only on the criteria of novelty, utility, and 
non-obviousness, essentially by default.  Many feel that in order for biomedical patents to 
be issued, regulations are necessary in an effort to safe guard social concerns.  This 
would also ensure that the PTO is only responsible for issuing patents on the basis of 
novelty, utility, and non-obviousness without considering the repercussions of morality.  
Issues requiring immediate attention pertain to agriculture, medical research, the 
environment, animal rights, and scope. 
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Oncomouse in Canada 
On December 5, 2002 the Canadian Supreme Court denied Harvard’s request to 
patent the onco-mice.  Unlike the United States, Canada has declared the mouse, “a 
higher life form [that] is not patentable because it is not a ‘manufacture’ or ‘composition 
of matter,’” (Check, 2002).   Justice Michel Bastarache spoke for the Canadian majority 
(Mitchell and Sommerville, 2002):  
“the best reading of the words of the Act supports the conclusion that higher life 
forms are not patentable....Higher life forms cannot be conceptualized as mere 
‘compositions of matter’ within the context of the Patent Act.” 
 
This Canadian Supreme Court ruling cannot be appealed, unless through new legislation, 
so indirectly the Oncomouse case may eventually lead to an overhaul of Canadian patent 
law.  
The Canadian appeal documents how society persuades government.  This reality 
indicates that in order to level the scientific and commercial playing fields, guidelines and 
rules need to be established by the government, with regard to biomedical patents.  This 
ensures that laws and policies will at least promote transparency and accountability 
(Mitchell and Sommerville, 2002).  As a result of the ruling, Canada may forfeit some 
progress from biotechnology research, which in turn may disqualify them from 
competing in the open market. 
 
Oppononents of Animal Patenting 
 Patents on transgenic animals sounds like financial ruin to some small farmers.   
The small farmer fears that by allowing animals to be patented they will be pushed out of 
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the market by large agribusinesses that will own the animal patents and issue the licenses 
selectively. Small farmers also worry that big corporations will be able to corner the 
market on genetically created animals due to the fact that they are the only ones able to 
afford the enormous capital investments. In addition, the farmers feel that expensive 
operational costs and royalties will increase rather than decrease their overall costs, as 
well as costs to the consumers (Walter, 1998). 
 The farmers’ stance is rather weak, and should not be used to inhibit patenting 
animals.  Patented transgenic farm animals would potentially be cheaper for the farmers 
in the long run.  These animals are bred to be disease resistant and stronger, therefore 
negating expensive on-going treatment costs.  In addition, the American Farm Bureau 
Federation (“AFBF”) advocates patenting transgenic farm animals (Walter, 1998).  The 
AFBF feels that patenting animals will discourage a divide between royalty payers and 
non-royalty payers, as well as handicap large business’ ability to selectively distribute 
licenses.  The small farmers should take their case to Congress, not the PTO, to ensure 
they are fairly protected with sufficient regulations on royalties and licensing. 
 The National Wildlife Foundation (“NWF”) and other environmental groups are 
concerned over the current lack of legislation regulating the release of transgenic animals 
into the wild (Walter, 1998).  Therefore, the NWF opposes patents on animals until there 
is a clear understanding of what could happen if transgenic animals were set free.  The 
NWF also fears that by allowing patents the number of animals created will increase, 
simultaneously escalating the risk to the environment. 
 In the past five years, there has been tremendous focus on transgenic salmon 
escaping into the wild.  The threat generates from salmon raised in “net pens” in the sea. 
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These pens are susceptible to waves and predators that could potentially release 
thousands of fish into the wild (Edwards, 2001).   Two Purdue University scientists, 
Professor’s Muir and Howard, modeled the scenario to determine the dangers to the 
environment.  The study resulted with evidence supporting the need to prevent the release 
of transgenic animals in the wild; “introduction of genetically modified organisms into 
natural populations could result in ecological hazards, such as species extinction.” The 
study specifically highlighted the “increased male mating success of transgenic salmon 
expressing growth hormone, but reduced offspring viability.” The study concluded that 
transgenic fish had a four-fold mating advantage, which spread the transgene at a 
disastrous rate to the native species:  “[w] e refer to this type of extinction as the ‘Trojan 
gene effect,’ because the mating advantage provides a mechanism for the transgene to 
enter and spread in a population, and the viability reduction [of the offspring] eventually 
results in population extinction.” 
 The authors of this IQP feel that although environmental concerns are valid, they 
should not be used to prevent animals from being patented.  It is indisputable that more 
research needs to be done in order to determine the long-term affects of releasing 
transgenic animals into the wild.  However, deciding regulations or consequences of such 
affects is out of the PTO’s scope of novelty, utility, and non-obviousness.   
 Discrepancy over animal rights has long been at the heart of social concern over 
animal research.  Patenting transgenic animals only adds another layer of complexity to 
the fight.  Activists feel the public’s view of animals as property is a misconception, and 
that patenting transgenic animals only sends society farther down a dead end street 
(Edwards, 2001).  Animal rights groups such as Greenpeace, WSPA, and PETA are 
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utterly opposed to patents on any life forms and are escalating a progressively more 
raucous campaign to ban the patenting of genetically engineered animals.   These groups 
openly welcomed Canada’s decision to stop the Harvard Mouse Patent.  Jo Dufay, 
campaign director for Greenpeace Canada, stated (Check, 2002), “we think the court got 
it right.  These issues are so complex that they require full public debate, and that goes 
beyond a simple tinkering with Canadian patent act.” 
 
Transgenic Legalities Conclusions 
 
 Patent rejection for transgenic animals should not be justified on the basis of 
animal rights.  Whether it is animal suffering, discussed in chapter 3, or animals as 
property, denying patents for these animals will not stop research (Walter, 1998).  
Opponents should attack the research of transgenic animals as the root cause, and 
campaign to have legislation expanded to control biotechnological advances.  The Patent 
Office is not in the proper position to formulate decisions based on animal rights. 
 The purpose of the Patent and Trademark Office (Stallman, 2002) is to “promote 
the progress of … the useful art.”  Intellectual property rights are the means to this 
promotion.  The idea is that intellectual property gives financial incentives to produce 
ideas.  In the case of the Harvard Mouse, both commercial and scientific stakeholders 
benefit.  Dupont licenses the transgenic mice to speed the search for new cancer drugs, 
while at the same time the widened availability of the mice allows for more and better 
mouse models of cancer (Smaglik, 2000).  By obtaining the intellectual property 
protection, Dupont receives monetary incentives, while the cancer mouse is readily 
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available to non-profit researchers for free, and commercially funded institutions for a 
small price, without the added burden of creating the mice themselves.   
  Finally, the authors agree with Carrie Walter (1998) in that denying 
patents will not defeat biotechnology, it will only suppress it.  Many social concerns 
should take aim at biotechnology research instead of the PTO.  Although all of the 
wrinkles have not been ironed out patenting transgenic animals, the entire process is 
worth putting on display.  The benefits to society far outweigh, the lucrative concerns.  
Patent protection allows biomedical businesses to prosper, inadvertatently-promoting 
competition within markets, new product ideas to aid in human health, job growth, as 
well as scientific recognition.  
We strongly feel that government holds the reigns in deciding what matter is 
patentable and under what conditions a patent is accepted.  Legislation should also 
incorporate consequences for unethical and immoral actions.  Examples not allowed 
could include, patent applications for non-human primates (such as ANDi the monkey), 
or patents with broad subject matters that could potentially monopolize a market.  If the 
PTO were to include morality as one of the four elements, usefulness, utility, and non-
obviousness would take a back seat.  Patent distribution would represent a sign wave 
based on the cyclic nature of morality, and science and technology would be linearly up, 
reflecting the continuous improvement of human health. 
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CONCLUSIONS 
 
Biotechnology is defined as the use of microorganisms or biological substances, 
to perform specific industrial or manufacturing processes.  It is also the application of the 
principles of engineering and technology to the life sciences.  Without this technology we 
would not be able to transplant organs, create prosthetic limbs, or even manufacture 
pharmaceuticals, such as Tylenol.  Since the dawn of time, man has continued in his 
quest to obtain the best human conditions by means of technology.  This has granted us 
healthier lifestyles in which we live today.  As humans we are constantly striving to 
improve any conditions that threaten our very existence.  It is our nature to avoid sickness 
or death, and therefore we always strive for the absolute best.  In the case of transgenic 
animals, the debate is ongoing to determine whether this new technology is the best 
practice in the advancement of medicine.  There are supporters, and there are opponents, 
battling daily to understand all aspects of this highly technological method in order to 
achieve the greatest quality of life.   Transgenic animals are not fully accepted or 
perfected, but over the past quarter century they have come a long way.   
 
Transgenic Animal Description and Construction 
  
Whether hearing it in the news, word-of-mouth, or up close and personal, 
everyone knows that animals are used in research.  Dating back hundreds of years, the 
use of animals has made significant advances in medicine, such as vaccines and drug 
treatments.  In more recent years, scientists have created ways to perfect this technique in 
order to minimize animal suffering while achieving the greatest possible benefits to 
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medicine.  The application of transgenic animals has proved to be a most valuable 
process.   
 
Transgenic Animal Classification and Examples 
 
 Transgenic animals can be produced and manufactured to serve a variety of 
functions previously unheard of.  Genetically modified animals have evolved into easy 
tools for scientists to use that could very well become as commonly used as laboratories 
or factories.  
 Since the early eighties, research as shifted from focusing on how to make 
transgenic animals to what industries these animals can be applied to produce maximum 
benefits.  What began with a mouse, has progressed into five major categories 
encompassing all different types of microorganisms.  These groups include disease 
models, transpharmers, xenoplanters, food sources, and scientific models.  Disease 
models such as the Alzheimer’s Mouse, the Oncomouse, and the AIDs mouse are 
indivual lab models used to speed up the research in developing cures and treatments for 
specific diseases.  Dairy cattle, goats, and sheep make up the transpharmers group.  These 
animals act as bioreactor factories to produce pharmaceuticals.  Transpharmers are ideal 
tools for manufacturing cheap drugs, without any expense to the animals.  
Xenotransplanters, include genetically modified pigs with organs that can be donated to 
human beings.  In the event that organs from pigs can be successfully transplanted to 
humans, patients waiting for organs will become a thing of the past, and hospitals will 
save an uncountable amount of money in operating costs.  The next category is food 
sources; currently the largest impact on society in this category has been the modification 
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of salmon to produce bigger, meater fish.  Chickens are also in this category, because 
researchers are trying to create disease resistant models that would bring out obvious 
benefits to both the consumer and producer.  Finally, there are scientific models that 
bring about a better understanding of how specific proteins work in vivo.   
 
Trangenic Ethics 
 
The creation of transgenic animals is an ethical double-edged sword.  Depending 
on what side you fight with, the results can be beneficial to humans or detrimental to 
animals.   Scientists are continuing their campaign with the use of genetically modified 
animals that make the greatest advances to medicine with the least harm to animals, such 
as the Alzheimer’s mouse and transpharmers.  While advocates for animal rights, 
continue to slander the research with animals like superpig, declaring that the process 
isn’t perfect yet, therefore it shouldn’t be used.   
 Transgenic animals can be viewed just like chemotherapy. Chemo is not perfect, 
and it is utterly taxing on the patient, however it is still an option for people to fight 
cancer.    In the quest to find the ideal dosage of radiation based on the severity of cancer, 
doctors tweak the process patient by patient.  As with the chemo process, scientists are 
manipulating the production of transgenic animals each time to obtain an end result that 
minimizes animal pain while maximizing medical usage.  By looking at mistakes, 
biotechnology has continuously improved to figure out what works and what doesn’t.    
In the case of Superpig, researchers realized its failures, stopped immediately, and visited 
a new application.  The authors of this IQP agree with continuing all lines of transgenic 
experimentation, except growth hormone farm animals, so long as strong institutional 
oversight ensures minimal animal suffering. 
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Transgenic Legalities 
 
 Government should play a part in helping decide which animals get made, and 
under what conditions.  Biotechnology has moved so quickly that society feels it needs to 
catch up.  Therefore, many people are still at the back of the race juggling the ethics 
behind transgenic animal creation, and are not ready to cope with whether they should be 
patented.  In an effort to catch up, many feel that the U.S. patent and trade office (PTO) 
should take over and incorporate morality into the patent process.  This would be 
cheating however, because the PTO would be making superficial ethical decisions 
without proper analysis.  Congress, the voice of the people, is the appropriate party to 
step up and be the front-runner.  
One of the most significant cases involving the patent ability of transgenic 
animals is the “Harvard Mouse” case.  This was the world’s first case to address the 
issues involved in patenting animals.  In the United States, the Patent and Trademark 
Office feels that the process to genetically modify animals, as well as the animals 
themselves, falls under the Patent Act of 1793.  Canada, however does not agree.  Animal 
patenting was not approved there, and the Oncomouse case has led to a possible overhaul 
of patent legislation there.  In order to stay ahead of the game, the U.S. just handed the 
baton to the PTO, without any rules, pertaining to patenting animals. While Canada, on 
the other hand just stopped running altogether to understand the dynamics of the race 
better.  The authors of this IQP agree with U.S. legislation patenting Oncomouse, and feel 
such patents will help support medical research in the future. 
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Thoughts about Transgenic Animals in the Future 
 
 From the Harvard Mouse, to sheep as bioreactors, the process of 
engineering animals has come a long way in society.  It is now the focal spot of research 
in many different facets of science and technology, with endless possibilities.  Many of 
these endings however, are unfathomable, and should be road blocked until all aspects 
and consequences are evaluated.  We believe that biotechnology involving transgenic 
animals has enormous medical potential, and should continue.  However, we agree that 
institutions need strong oversight to help ensure all such experiments have strong medical 
benefit with minimal animal suffering.  We hope that this paper has brought into view the 
various possibilities and constraints of this new technology.  We hope that through this 
identification we have helped give direction as to how to take transgenic animals into the 
future.   
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